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“in wore auvanced physical, chemical and immunological studies.

cacroed tactor (bE)ois @ carwoaydrate-rich matcerial released by different
sirains of Loasicania during growth, It has antigenic properties sinilar
Lo Lnese Ul Lie inwact pa asite and plays a role in the infective process.

feolatiun and purification of EF is necessary for:

(a; study of its biological functicn

W e wse of OF for uiagnostic purposes

(¢7 the use of KF in innunization experiments

(4) tie stuuy of the biosynthesis of EF

(¢)  tue preparation of inhivitors of particular biosynthetic steps of EF.

Purification of EF Dby ffinity chromatography was narkedly improved by intro-
Jucing hicinus lectin (specific for galactose) column. This enabled us to
oLlain rore reliable anino acid and sugar analysis and will be instrumental

v¢ have weveloped a radioimnuncassay for leishmaniasis utilizing purified EF,
The assay can distinguish between Leishmania strains and once further devel-
uped, should prove most valuable for the diagnosis of the disease.

tF pluys @ role in the infective process of Leishmania. We have now shown
that surface carbonyurate, reilatced to Ef, plays a role in the initial attach-
ment of Leishmania promastigots to macrophages - a stage that is a prelude

to their engulfment by the macrophages followed by multiplication in their
cells.
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3.

Introduction

txcreted Factor (LF) is a carbohydrate-rich protein excreted by different
strains of Leishwania. Our first annual report has demonstrated the pre-
sence of very high galactose content in LF, a property that could be shared
also by the surface carbony’rates of the parasite. LF nas inmunological
properties similar to those of the intact parasite and may play a role in
the infective process. nfter it was shown to be species-specific, EF became
the basis for serotyping lLeishmania strains, and is a valuable tool in diag-
nostic, demographic and ecoloyical studies of the disease (2). The diagnostic
methodoloyy, however, is generally insufficient and the development of a
reliable radioinmunoassay (KIA) seems most valuable.

Purification of tF

LF is produced in relatively small quantities by Leishmania promastigotes
in culture. Purified EF was required for (a) RIA development, (b) attach-
ment studies and (c) chemical and physical analysis. More advanced chemical
and physical studies were therefore hampered by difficulties to scale up the
isolation of EF from culture media. This obstacle is now nore successfully
overcome by directing additional technical help to this issue.

(i) Isolation and phenol extraction - L. tropica and L. donovani promasti-
gotes were cultivated in Lit medium supplemented with 10% foetal calf
serum and antibiotic 100 ny streptowycin and 100 u penicillin per ml,
Cultures at the logaritlmic phase of the growth were centrifuged 7 min
at 1500 xg. The supernatant was reroved and concentrated to 140 the
original volume and dialyzed for 3 days against distilled water. The
dialyzate was concentrated again and cxtracted with phenol. The aqueous
phase was dialyzed for 3 days against distilled water and the dialyzed
concentrated EF was fractionated on Sephadex G-100 column. The frac-
tions containing EF as dJdetected by immunodiffusion were pooled, concen-
trated by freeze-drying and dialyzed again for 3 days against saline.
This procedure representsa refinement of that described In the first
annual report, G5ha,

(ii) Affinity chromatography (Ricinus lectin column)

In a typical experinent, 16 mg of £F (§2i) were applied to a Ricinus
lectin column (Agarose-Ricinus communis Agglutinin 120, 1.1 mg protein
per ml resin, 7 cm. lony, 1 cm. in dianeter)., The column was first
cluted with 0.02 4 sodium phosphate buffer, pit 7.0 (12 fractions) fol-
lowed by a similar buffer containing 50 u M galactose (all fractions
contained 2.6 ml per fraction). The fractions containing tF were detec-
ted by inmunodiffusion (fraction 14-1€¢), pooled, dialized against water
and lyophylisced to yield purified tF (2.0 ng) possessing b x increase

in the specific antigenic activity.

This technique appears Lo be fast and more efficient than previous
techrniques for the purification of EF.

Lhemical Analysis of EF Preparations

fmino acid analysis and nonosaccharide analysis were carried out on




sany o of LF, purificd by affinity chromatography 15§24 folloving
acid hydrolysis or methanolysis and trinethylsililation, respectively.

{a} Aiino aciu andglysis - EF L13/ was analyzed following acid hydrolysis

using anino acid analyzer (LKL Model 3201). See Tabie 1 for results.

Table 1

Aning acid analysis of EF L1137

A Relative
Anino acid Molar % nunber of amino

acid residues

Lysine 5.8 1.65
Histidine 3.16 0.9

Arginine 2.83 0.8

Aspartic acid 7.29 2.07
Threonine 22.99 t.55
Serine 16.59 L.73
Glycine 9.57 2.73
Alanine 10.35 2.95
lHalf cystine 13.54 3.06
isoleucine 3.51% 1.0

Leucine 4,13 1.18
ulacosamine 4.76
Gulactusamine 1.01

a . . . . . . .
Total not including glutamic acid, proline and hydroxyproline amnounting
to 13-0% (not separable in this run).

liv the first annual report, §5a, we have commented on the particular
features of the amino acid analysis. liere we find some deviations
vbviously related to the (ca. b x) purification that we have achieved.
tharacteristically, aromatic anino acids are entirely absent.

() Larbouxdratg_gpalysis - 1Monusaccharide conponents of EF were
determined by GLC following nethanolysis and trimethylsililation (3).




Table 2

Monosaccharide composition of various EFs

EF L137 EF LS2
I TI il
Sugarb rel. to rel. to, rel. to, nmo | . rel. to. nmol <
mannose”  mannose mannose mg mannose’ mg
Arabinose 0.1 0.05 8§ 0.1 < 0.1
Fucose 1.1 1.6 1.1 170 2.8 0.61 188 3.1
Xylose® 1 1.3 0.2 29 0.4 0.1 32 0.5
Mannose 1 1 1 154 2.8 1 293 5.3
Galactose 3.2 4.2 4.1 628 11.3 2.2 643 11,6
Glucose 2.8 1.8 0.8 124 2.2 0.6 169 3
Total sugar 33 37.3
Total sugar
by Dubois 28 26

a .
Amount relative to mannose {Man = 1.0).

Glucosaunine and yalactosawmine are presented in Table 1.

A large proportion of the xylose and some of the glucose may represent
a contaminant eluted from the affinity column.

Fucose, a monosaccharide frequently present at the non-reducing end of glyco-
proteins and ylycopeptides was determined here for the first time.

The proportion of arabinose has diminished as the result of the present
purification.

Gulactose remains the most abunuant neutral sugar,

Microhetlerogeniety, dewonstrated, for instance, by the increase of yalactose/
mannuse ratio if EF peaks bLetween early and late fractions can be understood
in view of the galactose Linding properties of the Ricinus lectin colunn. (the
sequence of fractions Lieng |, 11, 111). {

Radivitmunoassay (RIA) for the viagnosis of Leishmaniasis

(@) “Labeling Ly 3li-fcctic Anhyuride

EF L137 partially purified by phenol extractions and followed by Sephadex g




Cotu troratography (8217 vas acetylated under Schotten-baunanncondi tions

e U U whac hiydaragen cartonate) to yield high specific activity labeled

LFL Altne . cwost of the Lalbc ] precipitotes - th houwologous rabbit anti-

Serut, Kicrae o o luri chromatography (5211) separated the label from the

Hasunologteal  Cuivity.  dhus, the entity laveled must have been a peptide

COlpUnenRt s tron Coead Lo, but separable fron, tF :
WL cabebing by nolactose oA ¢ - sodiun torotrtiate

PE LES, (820) wvas 1abeled tin non-reducing terminal galactosyl

resicacs by the galaclone os ase-sodium borotritiate technique ()., A

crude sanple of Tateleu tF (1. 7,000  PM) was added to a carrier EF (82i),

P2 v ) and was forther pumitiee o, aftinity chrouwatography (82ii). The 4
puriticd vt contained b,500 CEM,

- pratain e

Pis Ledhnigae, uriginaliy deveioped in parallel to the labeling pro-
cdates deseribod deodlhag ana WAt has the advantaye of using harder
Dadiaticn (el ove s P ang Jeveloped faster into a useful RIA,

1

Covniique, bused oo e v tnyg of antibody to wolid phase coating

Taidoved o, protoit o taobing, vas used as previously by Avraham 'i

Ui 0 test war s i Lot polysterenc tubes {(100mm x 13mm, ]

T LI LT PVC I STTRRURES [ R croplates (Steriling, Lngtand). Coating ;
St Ut Lt e o tubos o cacroplates either treated with glutaral-

r bttt untrcatea, tr and glutaraldehyde were diluted in
ot tatter saline (BEhy oo and dilutions of sera and protein A

oty bode inowbd containi v bue foetal calf serum.  The assay for b
: Civgidea and L. odesevan. o U0 owas as follows: 100 uwl of EF at
Plicient cuneentrations seco odded to the 96 wells of microplates, E
T trcated of not treatod seith ULl glutaraldehyde.  wfter 24 hr
S0 ditterent ditutions ot antiscrun were added. After another 24 hr
U, e unbound gantibooics were reuoved and 1000 ] Li5 -protein A
Sttty awoul 50,900 counts/nin were added,  The reaction was terminated
oot addition of 20 a1 of Gt Nauli, The solution from each well
v been Lranstoeree o to plastic tubes ana the radioactivity measured. )
Podo bt tionstudics, UL b of 110 dilutions of antiscera were mixed
U weris ! didations of LE o0 G tinal volume of u.2ml. After incuba-
Thor b e at 37 0 Gna et at NUL, the adsorbed sera were |

suded to e o coated Mi(.l'up]dlcb and the l’dL“iJ(;liVily wds hicasured.

NN o b thad are as tollows:
‘i,‘ l.(.)‘\ilw‘ }_rlu'v ;
o oL i describea, LE that had been purified by extrac-
ciooprenol et o we Ly el tiltration on Sephadex G-100 (§2i)
Coand to b aitanie tor Linding Lo tubes and microplates wells.
v ¢ G icparations  ublained Ly cither precipitation and chroma-
Ltashy o by the dissociation of irmune complexes, did not bind to
Seoplates anag showe ! the sane activity with antibody as untreated




Lty

dtrol bEL o LU appears that the absolute arwount of LF coupled
L the plate depends essentially on the level of purification and the

natere of the medium component which acts as a carrier rather
tuan U e anount of antigenic determinants of the EF,

Tne concer traion of tF used for coating the wells was 0.6 to 1.2

/el bmmerodi ffusion of this EF with homologous antiserum pro-
auced @i s pre rtate at a maximum dilution 1:2. Concentra-
Ticns cacceding 102 ‘m] increased the strength of the binding
Cothoot offecting e ecificity (Fig.1). At concentrations less
Uit JL 35 g/in), ne s Livedies were detected. Almost no differences

Cooextinetion values oore scen with wells coated or uncoated with
latoraldenyde

eoatlely ob the aesgy
«deteraeiicn of antisera with Jdifferent EFs and the specificity
ooreaction s given in Figo oo The results obtained indicateu
aeii=l . tropica and anti-L. Jonovani reacted only with homolo-
Sus Yo uling Lo the higher concentration of rabbit anti-L.dono-
cano law, oy neasurco by immuno-diffusion, higher binding was observed
Ui this antiserun, ot compared with anti-L, tropica serum at
Correspunding dilutions,

.t ocases, the activity obtained with the heterologous antiserum
was altost tue same as that of control normal rabbit serum. With
sitiscra diluated at 1:10, 18, of the anti-L. donovani were bound to

cropica LE 320 of anti~i. tropica antibodies were bound to L.
cvanz bEoand 12.5¢ to le. of normal rabbit antibodies were bound
consspecifically to L. Jonovani and L., tropica EF respectively.

saniliun study
5 dndicated in Fig. 3, the reaction of both anti-L. donovani and
li-L. trepiea sera coulbd Le completely inhibited by preincubation
ith homologous LFL 300 Ly of L. donovani and L. tropica tF were
sutficiont to Llock all the anti-EF antibodies present in 1 ml of
oo loyous antiserun,

vetection of anti-LF antibodies in mice and humans suffering from
cutaneous Jeishuaniasis

snti-bF o activity in scia from hunans infected with L. tropica major
is shown in Tavle 3. 0Of 7 sera examined from patients with active

cutaneous leishmaniasis, & (G2%) showed maximum activity of 1.4 to

co0h times hicher than normal uninfected control,

serum collected from balb/c mice hU days after infection with L.

troplca, was also assayed for anti-LF antibodies. These tiice
RITRETE vell-developed lesions and parasites were detected in both,
1+ desion and in their spleens. The anti-LF antibody activity

coiected in these sera was gs high as 25,6 times that of a normal
Lon-intocted mouse sorun,
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The immunologyical specificity of leishmanial excreted factors,

ond their scparation from other leishmanial antigens and contaminating
mediun components were used to provide a more sensitive means of
detecting and measuring the antibody response to leishmanial infec-
tion. The results obtained indicated that the use of leistmanial EF
for Ris will prove valuable in the diagnosis of leistmaniasis.

The test is specific and sensitive. Undoubtedly, experience will
lead to wouification and refinement of the technique according to

its specific applic.tion. However, sufficient details have been pre-
sented to enable its use with regard to the detection of cutaneous
leishmaniasis and quantitative measureent of EF levels.

Surface Carbohydrate (Kelated to EF) and the Binding of Leishmania Promasti-

yotes to Macrophages

tt is hnown that liver and peritoneal macrophages have specific galactose-

TnGing receptors ( hepatic binding protein, HBP} which arc able to bind neur-
awinidase-treated cells where galactose is the non-reducing sugar as a prelude
tv their cataboulisi. (6). It was demonstrated recently, however, that the
Lalactose or the N-acetyl-galactosamine specificity of HBP is not high and
additional monosaccharides (e.g. glucose) can compete, though less favourably,
for nLP Linding (6a).

The first annual report, §5b, has described the presence of a high galactose
content in £F, a finding that was further supported by our current analyses,
550, In addition, we have deronstrated that promastigotes of both L,
tropiva and L. donovani are agglutinated by low concentrations of peanut
lectin and iicinus lectin and that dissociation is readily achieved by the
addition of yalactose. This indicates the presence of oligosaccharides

~pussessing terminal non-reducing galactose as a partial structure of the
cronastigote surface (first annual report §2a and current results con-
Certing  ricinus lectin).

wi propusc thot the host cell {macrophage) membrane might contain a gal-
aclose-Linding receptor, possibly the well-documented hepatic binding
protein (hob), capal.le of binding either the parasite or EF. Leishmania
r.ay thus Le attached initially to the nacrophage via such a galactose-
Linding site and be subsequently engulfed by the macrophage.

Four ottachment study of promastigutes to macrophages, the culture system
ot tandugn & Spira (7) was adapted. Peritonecal exudate cells (PEC), mostly
rwcrophages from C4H mice were harvested 5 days after |.P. stimulation
#ith 2wl thioglycolate. On the day of harvest, the cells werc collected
v Mecoy 'y medium containing 5 units of heparin, 100 ug streptonmycin and
100 unity penicitlin per ml. The cell concentration was brought to 5 x

15> cells/ul and 1l was plated into each well of the Z4 wells microplate.
octore adding the FEC, 12 rum dianeler sterile coverslips were placed in

vacl, well. 24 bours after incubation at 37°C in an atnosphere of 5% COy in

air, the rediun was changed, removed, and 200 ul of the sugar in the desired
concentrali . wade in Hank's balanced salt solution containing 1% albumin

(LSS ) was odded. After 15 min at 37°C, the sugar was replaced with 400 ml




of the same sugar, at the same concentratjon containing 2 x 107 washed pro-
mastigotes. After a further 10 min at 37°C, the PEC were washed 5 times with
phosphate buffer, fixed and stained with Giemsa. Following counting, the
parasite attactment index (PAl), (§10) was calculated,

Figure 4 shows that different sugars ( at 0.3 - 0.5 M) inhibit the attachment
of promastigotes to macrophages. Lactose, Gal-8(1— L)Glc, being the most
efficient. Lower concentriiions of sugars promote attachment while 1 M and
higher concentrations are toxic to host (macrophage) cells. Apart from

standard error possible (Ca. 10%), the effect of lower saccharide concentrations

ray be due to additional suyar nutrient. Sugars at concentrations of 0.5 M

are non-~toxic to both promastigotes and macrophages. Following the addition of

0.5 M saccharide and incubation as described, the cells are washed and give
normal infective rates.

Conclusions

In our first report (§7) we have proposed that surface carbohydrate may play

a role in the binding of Leishmania promastigotes to macrophages. Our current
experiments {(§5) support this hypothesis. Thus, Leishmania, an intracellular
obligatory parasite, appears to use a cellular mechanism designed inter alea
to remove damaged cells from blood circulation {6) as a vehicle to enter host
cells., Unce inside, the LF produced has a protective function, being inhibi-
tory to the host's lysosomal enzymes (8).

Our analytical results (§3) alrcady suggest galacto derivatives as possible
biosynthetic inhibitors of EF. As soon as more advanced structural results
are available and larger structural elements become known, and in view of our
origyinal research proposal, one will be in a better position as far as the
design of such inhibitors is concerned,

A most important outconie of our work is a specific radioiinwunoassay for
Leishmania (8hc). Effort is to be dedicated to the standardization of the
cethod - to make it diagnostically useful. Additionally, the scope of the
method should be widened to more acute types of Leishmania.

Proposals for Further Kesearch (detailed proposal submitted along with this
report)

(i) Purification and structural work on EF, iiere we will be employing the
affinity chrumatography purification (§2ii).

(ii) Radioimmunoassay (RIA) for Leishmania. Standardization of the method.
Application to human and animal cases.

(iid tiological role of EF. Use of labeled LF (54a and 4b) to localize EF.
Role of EF in "‘conditioning'.

(iv) tomunogenicity of EF, Use of MDP, mycolic acid etc. to make LF
immunogenic,
(v) Iohibitors, Based on strucutral features of LF, inhibitors tou its

biosynthesis will be designed.




The effect of different concentrations of coating
L.tropica EF on the binding of antibodies from
homologous ant.serum at dilution 1:25, The EF

showed a precipitating line with whole antiserum

at 1000 . /s,
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Pig, 2 Binding of rabbit anti L.tropica antiserum,
O rabbit anti L.donovani antiserum and

@ normal rabbit serum to p}ates coated with

L.donovani or L.tropica EF.
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Fi Effect of absorption of anti L,tropica and anti
L.donovani antiserum with homologous and heterologous

@® -Anti L,tropica absorbed to homologous EF;

~

A -Ant: L.donovani absorbed to homologous EF.

The inhibition is calculated by dividing the

antiserum absorbed to homologous EF by the same

antiserum absorbed to heterologous EF.
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Fig. 4 The effect of sugars at different concentrations on the parasite
attachiment index (PAl) of L. tropica (L 137 ) to C3H mouse
macrophages.

® - Lactose; O - G ucose; @ - Methyl a-D-galactopyranoside;
O - Methyl B -U-yalactopyranoside’ & - Raffinose; A=~ Methyl-

@ -b-mannopyranos ide; \/ -D~arabinose

¥

100

80

60

PAI

40

20

| |
0 O 02 03 04 05

Saccharide added (M)




- 16 -

9. Literature Cited

1.

Schnur, L.F., Zuckerman, A. and Greenblatt, C.L. (1972) Isr. J. Med.
Sci. 1:932.

Schnur, L.F. and Zuckerman, A. (1977) Ann. Trop. Med. Parasit. 71:273.

Schnur, L.F. and Zuckerman, A. (1976) Ann. Trop. Med. Parasit. 70:15.

Schnur, L.F. and Zuckerman, A. (1976) Trans. Roy. Soc. Trop. Med. liyg.
J0: 14,

Rishon, T., Slutzky, G.M., EI-On, J. and Greenblatt, C.L. (1981) israel
J. Med. Sci. (in press).

Clamp, J.R., Bhatti, T. and Chambers, R.E. In ''Methods of Biochemical
Analysis' 19:229, td. Celick, D. (Interscience Publications, 1971).
Ezler, M.E. (1977) FEBS Lett. 75:231,

Morell, A.G., and Ashwell, G. (1972) Methods in Enzymology, Ginsburg,
V. editor, vol. XXVIII, part B, p. 205.

Avraham, H., Spira, D.T., Gorsky, Y. and Sulitzeanu, D. (1980) J.
Immunol. Meth. 32:151.

(a) Neufeld, E.F., and Ashwell, G. (1980) in 'The Biochemistry of
Glycoproteins and Proteoglycans'', Lennarz, W.J., editor, p. 241,
Plenum Press, New York and Llondon.

(b) kolb, H. and Kolb-Cachofen, V. (1978) Biochem. Biophys. Res.
Comm. 85:67€.

(c) Nagamura, Y. and Kolb, H. (1960) FEBS Lett. 112}59.
(d) Chang, K.P. (1979) Exp. Parasitology 48:175.

handwan, E. and Spira, v.T. (1977) Z. Parasitenkunde 53:75.

t1-0On, J., Bradley, D.J. and Freeman, J.C. (1980) txp. Parasitol.
Ly:167.




_]7_

10. Glossary

€F Factor excreted by Leishmania (Excreted Factor). EF preparations
are designated with digits indicating the leishmanial source.

Leishmanial strains

L137 Leishmania tropica LRC L137
L52 Leishmania donovani LRC L52

These strains were obtained from the WHO Leishmania Reference Centre
collection maintained in the Department of Protozoology in Jerusalem.

PHA peanut lectin
RI1A radioimmunoassay
PAI parasite attachement index =

aexp X bexp x 100

a b
cont x “cont

a = percent of host cells where attachment is apparent. 400
host cells were counted.

b = average no. of attached promastigotes per cell. 100 cells
with attached promastigotes were counted.

(1) Figures related to attachment represent a proportion of already %
engulphed promastigotes.

{(ii) Saccharides were included in experiments and avoided in controls, l
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